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Specification 

1 . Title of the Invention 

Air Conditioning Compressor 

2. Patent Claim 

An air conditioning compressor, configuring a refrigeration cycle together with an 
evaporator, for compressing, in a compression chamber, and discharging, a fluid which has been 
inducted from an intake port and circulates through the refrigeration cycle, comprising: 
temperature detection means for detecting the temperature of said evaporator or the 
temperature of air blown out from the evaporator; temperature difference computing means for 
performing a comparison compgtation on the difference between the temperature detected by 
those temperature detection means and a preset target value; thermal change rate computing 
means for computing a thermal change rate over time for said evaporator or air blown out 
therefrom; and intake port closure control means for controlling said intake port so that it closes 
with a prescribed ratio per a discretionary unit time; wherein: provision is made so that, based on 
the temperature difference computed by said temperature difference computation means and the 
thermal change rate computed by said thermal change rate computation means, the prescribed 
ratio wherewith said intake port closure means close said Intake port is varied, and said 
temperature is held in the vicinity of a target value. 

3. Detailed Description of the Invention 
(Field of Industrial Utilization) 

The present invention relates to an air conditioning compressor for compressing a fluid 
which circulates through a refrigeration cycle. 
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(PriorArt) 

There are conventionally air conditioning compressors such as this, an example thereof 
is diagrammed in Fig. 6. This air conditioning compressor 1 , together with an evaporator and 
condenser and the like, configures a refrigeration cycle, and takes in a coolant gas (which 
circulates through the refrigeration cycle) into pump chambers (compression chambers) 4 and 5 
from intake ports 2 and 3. The coolant gas taken into the pump chambers 4 and 5 Is 
compressed by a plurality of vanes 8 supported, so that they can freely protrude, in a plurality of 
slits 7 in a rotor 6 which turns in the direction of the arrow, is thereafter discharged from 
discharge ports 9 and 10, pushing open discharge valves 11 and 12, and is sent to the 
downstream side of the refrigeration cycle. 

(Problems the Invention Would Resolve) 

However, with such a conventional air conditioning compressor as this, the configuration 
is made so that the discharge capacity is constant (or, even if cut to 1/2 by closing one of the 
intake ports 2 and 3, constant at 1/2), and the discharge capacity cannot be continuously varied. 
For that reason, a lower first set temperature (evaporator freeze prevention temperature) U 
having a prescribed temperature difference and a higher second set temperature t 2 are set, an 
electromagnetic clutch is turned OFF so as to stop the operation of the air conditioning 
compressor 1 , as indicated In Fig. 7(b), when the temperature either of the evaporator or of air 
blown therefrom drops and reaches the first set temperature t 1( as indicated in Fig. 7(a), and the 
electromagnetic clutch is turned ON so as to cause the air conditioning compressor to again 
operate when the temperature has again risen and reached the second set temperature t 2 . 
When only one set temperature t x is set, the electromagnetic clutch of the air conditioning 
compressor 1 violently repeats the ON-OFF [cycle] with a very short time period, and so-called 
hunting occurs, it is in order to prevent that [phenomenon] that the second set temperature t 2 
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having a prescribed temperature difference Is set. Thus, even if hunting is prevented, the . 
electromagnetic clutch of the air conditioning compressor 1 will nevertheless repeat the ON-OFF 
[cycle], at prescribed intervals with a period longer than the hunting, producing noise or shocks 
each time, and subjecting vehicle occupants to unpleasant sensations, which is a problem. 

(Means for Resolving the Problems) 

In order to resolve the problems noted above, the present invention is an air conditioning 
compressor configuring a refrigeration cycle together with an evaporator for compressing in a 
compression chamber, and discharging, a fluid which has been' inducted from an intake port and 
circulates through the refrigeration cycle, comprising: temperature detection means for 
detecting the temperature of said evaporator or the temperature of air blown out from the 
evaporator; temperature difference computing means for performing a comparison computation 
on the difference between the temperature detected by those temperature detection means and 
a preset target value; thermal change rate computing means for computing a thermal change 
rate over time for said evaporator or air blown out therefrom; and Intake port closure control 
means for controlling said intake port so that it closes with a prescribed ratio per a discretionary 
unit time; wherein: provision is made so that, based on the temperature difference computed by 
said temperature difference computation means and the thermal change rate computed by said 
thermal change rate computation means, the prescribed ratio wherewith said intake port closure 
means close said intake port is varied, and said temperature is held in the vicinity of a target 
value. 

(Operation) 

Based on such an air conditioning compressor, the discharge capacity of the air 
conditioning compressor can be continuously varied by varying the prescribed ratio per unit time, 
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with which the intake port or ports are closed, based on the difference between either the 
temperature of the evaporator or the temperature of air blown from the evaporator as detected by 
the temperature detection means, and a preset target value, and on the rate wherewith this 
temperature changes over time and that the temperature can be held in the vicinity of a target 
value. Consequently, it is possible to avoid the frequently repeated ON-OFF [cycles] of the 
electromagnetic clutch of the air conditioning compressor that occur conventionally, and to avoid 
subjecting vehicle occupants to unpleasant sensations due to the noise or shocks caused by 
those ON-OFF [cycles]. 

(Embodiments) 

Embodiments of the present invention shall now be described with reference to the 
drawings. Figs. 1 to 4 are diagrams representing one embodiment of an air conditioning 
compressor based on the present invention. 

Describing first the configuration thereof, in Fig. 1, 21 is an engine, 22 is a compressor to 
which the drive of the engine 21 is transmitted via a transmission belt 23, and 24 is an 
electromagnetic clutch for coupling and interrupting the drive from the engine 21 to the 
compressor 22. Item 25 Is a condenser [condenser in Japanese] for cooling and liquefying a 
coolant (the fluid which circulates through the refrigeration cycle) such as Freon gas which has 
been compressed by the compressor 22 and is at high temperature and high pressure, and 26 is 
an evaporator [evaporator In Japanese] for evaporating the liquefied coolant sent thereto from 
the condenser 25, capturing heat from the surrounding air and turning [the coolant] into a gas. 
The coolant gasified by the evaporator 26 is again taken into the compressor 22, the same 
cooling cycle is repeated, and the temperature and humidity are lowered as heat continues to be 
captured from the air in the vehicle interior. Numeral 27 is a temperature detector (temperature 
detection means), deployed immediately after the evaporator 26, on the cooled air blow-out port 
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side thereof, for detecting the temperature of the air blown out from the evaporator 26. In the 
drawing, 28 is a liquid tank for separating the gas and liquid [phases] of the coolant liquefied by 
the condenser 25, 29 is an expansion valve, and 30 is a motor-driven fan for sending air from the 
vehicle interior to the evaporator 26. Numeral 32 is a control unit. The control unit 32 
compares against a target value pre-stored in memory, by means of a signal corresponding to 
that detected temperature from the temperature detector 27, computes the difference 
therebetween (temperature difference computation means), synchronizes the signal from the 
temperature detector 27 with a clock [signal], picks pt] up at prescribed time intervals, and 
computes the rate of change of the temperature which changes from moment to moment 
(thermal change rate computation means), and then, based on the temperature difference and 
thermal change rate, controls an on-off valve 33 for opening and closing the intake port or ports, 
described subsequently, and varies the prescribed ratio wherewith the intake port or ports are 
closed per discretionary unit time (functioning as intake port closure control means). 

The structure of the compressor 22 adopted in the embodiment shall now be briefly 
described with reference to Figs. 2 to 4. 

In this compressor 22, a cam ring 40 having a substantially elliptical cam surface 40a is 
sealed from both sides in the axial dimension thereof by front and rear plates 41 and 42. In the 
interior thereof, a rotor 43 is accommodated so that it can turn freely. Vanes 45 are fit, so that 
they can freely protrude, in radial slits 44 formed in the rotor 43. A back pressure passageway 
46 is formed in the base of each of the slits 44. These back pressure passageways 46 
communicate with a communicating hole 47 formed in the rotor 43. Lubricating oil is supplied 
through this communicating hole 47 to the back pressure passageways 46. In the space 
between the cam ring 40 and the rotor 43, pump chambers 48 are demarcated by adjacent 
vanes 45. Into these pump chambers 48, Freon gas or other coolant is inducted, from intake 
ports Pi and P 2 [intake ports in Japanese], and the vanes 45 turn, so as to slide against the cam 
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surface 40a, due to the centrifugal forces accompanying the turning of the rotor 43 and to the 
pressure (vane back pressure) of the lubricating oil In the back pressure passageways 46. 
Thereby, the coolant Is compressed, and will be discharged from corresponding, discharge ports 
Si and S 2 . The intake ports P x and P 2 are formed in the circumferential direction of the cam ring 
40 at equal intervals (separated 1 80°). In one intake port P 2) for example, as diagrammed in Fig, 
3 and 4, an on-off valve 33 based on a solenoid valve or the like Is incorporated. When a 
control signal from the control unit 32 indicated in Fig. 1 is input to the on-off valve 33, it operates 
in a direction that closes the intake port P 2 (cf. Fig. 3). The on-off valve 33 may be deployed in 
the intake port P 1( or, alternatively, [such valves] may be deployed in both intake ports" Pi and P a . 

The operation is now described. The drive of the engine 21 is, by an input switch of the 
electromagnetic clutch being operated [so as to turn] ON, is transmitted to the compressor 22 
and cooling begins. The coolant compressed by the compressor 22 is cooled and liquefied by 
the condenser 25, and then, in conjunction with the vaporization thereof at the evaporator 26, 
heat is captured from the air in the vehicle interior and the vehicle interior is cooled. The 
temperature detector 27 detects the temperature of air blown out from the evaporator 26 and 
outputs a temperature signal to the control unit 32. . The control unit 32, upon inputting the 
temperature signal from the temperature detector 27, first, by the temperature difference 
computation means thereof, compares with the target value t 2 pre-stored in memory, and 
computes the difference d therebetween. That target value t 2 is set slightly higher than the 
freeze prevention temperature t! of the evaporator 26, as is diagrammed in Fig. 5(a). Next, the 
control unit 32, by the thermal change rate computation means thereof, synchronizes the signal 
from the temperature detector 27 with the clock [signal], picks [it] up at prescribed time intervals 
and computes the rate of change v of the air temperature, which is changing moment by moment. 
The control unit 32 also, by the intake port closure control means thereof, based on the 
difference d between the target value t 2 and the air temperature, and on the temperature change 
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rate v, selects a duty ratio from a data map such as diagrammed in Fig. 5(b), stored beforehand 
in memory, and outputs a signal corresponding to that duty ratio to the on-off valve 33. Thereby 
control is effected so that the on-off valve 33 closes the intake port P, and (or) the intake port P 2 
with the most suitable ratio per unit time. Thus, as diagrammed in Fig. 5(b), the on-off valve 33 
is controlled with a large duty ratio when the difference d between the target value t 2 and the air 
temperature is large and the temperature change rate v is small, with a small duty ratio when, 
conversely the difference d between the target value t 2 and the air temperature is small and the 
temperature change rate v is large, and with an intermediate duty ratio in other cases, according 
to the respective conditions, as indicated in that data map. As a consequence, the temperature 
of the air blown out from the evaporator 26 can be held most efficiently in the vicinity of the target 
value t 2 , while continuously varying the discharge capacity of the compressor 22, as diagrammed 
in Fig. 5(a). Hence it Is possible to avoid frequently and repeatedly [cycling] the 
electromagnetic clutch of the air conditioning compressor ON and OFF, as conventionally, and to 
effectively prevent vehicle occupants from being subjected to unpleasant sensations due to noise 
or shocks caused by that ON-OFF [cycling]. Also, by the control described above, the air 
temperature can be prevented from felling to the freeze prevention temperature t,. 

In the embodiment described above, the temperature detector 27 is deployed 
immediately after the evaporator 26 on the cooled air blow-out port side thereof so as to detect 
the temperature of the cooled air, but the temperature detector 27 may instead be deployed on 
the evaporator 26 itself so as to detect the temperature of the evaporator 26 Itself. Also, in the 
embodiment described above, the thermal change rate over time of the air blown out from the 
evaporator 26 is substituted for by the temperature change rate thereof, but the thermal change 
rate is not limited to the temperature change rate. Instead, such factors as the volume, 
temperature, humidity, and heat mass of the air blown out may be detected, entropy computed, 
and the time change rate of that entropy used as the thermal change rate. 
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(Advantages of the Invention) 

Based on the air conditioning compressor according to the present invention as 
described in the foregoing, the temperature of the evaporator or of air blown out from the 
evaporator is held in the vicinity of a target value, wherefore it is possible to avoid frequently 
repeating the ON and OFF [cycling] of the electromagnetic clutch of an air conditioning 
compressor as occurs conventionally, and to effectively prevent the subjecting of passengers to 
unpleasant sensations due to noise or shocks resulting from that ON and OFF [cycling]. Also, 
the temperature of the evaporator or the air blown out therefrom can be prevented from felling to 
the freeze prevention temperature. 

4. Brief Description of Drawings 

Figs. 1 to 5 are diagrams representing one embodiment of an air conditioning 
compressor based on the present invention. Fig. 1 is a diagram of an overall refrigeration cycle 
containing that air conditioning compressor; Fig. 2 is a section of that air conditioning 
compressor; Fig. 3 is a section thereof as seen from the Ill-Ill in Fig. 2 [?]; Fig. 4 Is a partial 
section in the vicinity of the on-off valve 33, wherein the on-off valve 33 diagrammed in Fig. 3 with 
the intake port P 2 in the closed state is diagrammed with the intake port P 2 in the open state; Fig. 
5(a) is a relational diagram representing changes in the air temperature over time; Fig. 5(b) is a 
diagram of one example of a duty ratio data map stored in memory in the control unit 32; Fig. 6 is 
a section of a conventional air conditioning compressor; Fig. 7(a) is a relational diagram 
representing temperature changes overtime induced by that conventional air conditioning 
compressor; and Fig. 7(b) is a time chart representing the ON and OFF changes of an 
electromagnetic clutch for that air conditioning compressor. 
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21 engine 

22 compressor 

23 transmission belt 

24 electromagnetic clutch 

25 condenser 

26 evaporator [evaporator in Japanese] 

27 temperature detector (temperature detection means) 

28 liquid tank 

29 expansion valve 

30 motor-driven fan 

32 control unit (temperature difference computations means, thermal change 
rate computation means, intake port closure control means) 

33 on-off valve 
40 cam ring 
40a cam surface 
41,42 plates 

43 rotor 

44 slit 

45 vane 

46 back pressure passageway 

47 communicating hole 

48 pump chamber 

Pi, P 2 intake ports pntake ports in Japanese] 

Si, S 2 discharge ports 



Agents Kiichiro Ariga, Patent Attorney (and one other) 
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[Keys to text in Figs.] 
Fig. 1 

26: evaporator [evaporator in Japanese] 
27: temperature detector (temperature detection means) 
32: control unit (temperature difference computations means, thermal change 
rate computation means, intake port closure control means) 

Fig. 2 

P tl P 2 : intake ports (intake ports [native Japanese]) 



Fig. 5 
(a) 

[vertical axis] Temperature 
[horizontal axis] Time 
(b) 

[vertical axis] Temperature difference d 
[horizontal axis] Temperature change rate V 

Fig. 7 

[vertical axis] Temperature 
[horizontal axis] Time 
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